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and glucose to fructose using a-arnylase, gluco- 
amylase, and glucose isomerase; and the hydro- 
lysis of proteins and peptides by various prote- 
ases in detergent additives, meat tenderizers, and 
digestive aids ( -> Enzymes, -» Immobilized Bio- 
materiais). 



5. Production of Catalysts 

Because homogeneous catalysts are mostly 
well-defined chemical compounds or complexes, 
their catalytic performance does not depend on 
the preparation method. On the other hand, the 
catalytic properties of heterogeneous catalysts 
are strongly affected by every step of the prepa- 
ration. Therefore, producing a catalyst repro- 
ducibly requires that the production steps and 
operating conditions are accurately defined and 
carefully controlled. There is also a need for 
strict quality control of the raw materials used in 
the preparation because even trace impurities 
can often modify catalytic performance. 



5.1. Supported and Unsupported 
Catalysts 

With many catalysts, the major component is 
the active material. Examples of such unsup- 
ported catalysts are the silica- alumina and zeo- 
lites used for cracking petroleum fractions and 
the Pt -Rh gauze used for oxidation of NH 3 to 
NO. 

In numerous other catalysts, the active mate- 
rial is the minor component, which Is deposited 
on a more or less inert porous support (carrier). 
The support primarily serves to disperse the ac- 
tive component over a large surface area and to 
provide the needed mechanical form and 
strength. Examples of supported catalysts are 
activated-carbon-supported Pt and Pd, and Ni 
on alumina. 



5.2. Supports 

During the first few decades of this century, 
catalyst supports were derived from such natural 
high-surf ace-area materials as pumice, kiesel- 
guhr, asbestos, kaolin, and bauxite. Currently, 
many synthetic supports are available in a wide 
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range of surface areas, porosities, shapes, sizes, 
and purities. The widely used supports include 
aluminas, silica gel, activated carbon, zeolites 
silicon carbide, titania, magnesia, and various 
silicates. In addition to the finished formed sup- 
ports, such precursors as various hydrated alu- 
minas (x- or J?-alumina trihydrates, a-alumina 
monohydrate) and colloidal silicas are also avail- 
able [203]. The production methods and proper- 
ties of these materials are described in this ency- 
clopedia under the individual keywords. 

Supports with high surface area are as a rule 
microporous. Heat treatment increases pore size, 
crystallinity, and chemical inertness, whereas 
surface area and pore volume decrease. The pore 
size distribution usually has a maximum corre- 
sponding to a monomodal distribution. In- 
creased pore volumes of oxide-type supports can 
be obtained by calcination of special hydrated 
oxides or hydroxides. For example, high-surface 
y-alumina can be obtained by the gradual calci- 
nation of a-alumina trihydrate, 

The incorporation of volatile or combustible 
materials (wax, textile Fibers, foamed plastics) 
into the gel form by kneading causes, on calcina- 
tion, the development of large pores and a pore 
size distribution that shows two or more maxi- 
ma. Supports with such bi- or multimodal distri- 
bution are useful in reactions in which the selec- 
tivity is adversely affected by slow pore dif- 
fusion. 

In some instances performance of the sup- 
ported catalyst depends on a synergistic interac- 
tion between the active component and the sup- 
port. Such effects are observed in the chromia- 
alumina and cobalt molybdate -alumina sys- 
tems. In other cases interaction between the sup- 
port and the metal or metal oxide deposited on it 
can strikingly alter the catalytic and chemical 
properties of the active material. This so-called 
strong metal support interaction (SMST) de- 
creases the chemisorbing ability of litania- 
supported platinum group metals for H 2 and CO 
[233]. In addition, SMSI hinders reduction of 
silica-supported iron oxide and of alumina- 
supported tungsten oxide [234]. The suppression 
of H 2 chemisorption of Ni has been observed on 
silicon carbide and silica supports and has been 
ascribed to formation of a Ni -Si alloy [235]. 

Low-surface-area (< 1 m 2 /g) and low- 
porosity (<0.2cm 3 /g) supports are generally 
inert and are available in the form of powders, 
spheres, cylinders, and granules. They are used 
with catalysts for selective oxidation reactions 
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of nitric acid (a film-type binder) in the forming 
of hydra led alumina, and the use of a calcium 
uluminatc cement (a matrix-type hinder), which 
sets up in the presence of C0 2 and H 2 0. 

Lubricants are added to improve flow charac- 
teristics of the material to be formed, i.e.. to re- 
duce friction between the particles and formed 
aggregates. For this purpose film-type binders 
and other liquids are used. Solid lubricants are 
materials with a layer lattice (graphite, talcum 
powder) or low melting point (paraffin wax, 
stearic acid) and are used in tableting. 

Conventional supports (alumina, silica gel) 
are available commercially in various forms and 
sizes. 

Catalysts are formed by a variety of methods 
depending on the rheology of the material [238]. 
Catalysts prepared by precipitation or com- 
pounding can be formed before or after washing 
and drying. Granules are produced by grinding 
and screening. Microspherical particles are ob- 
tained by spray drying of a solution or slurry. 
This method is used to produce essentially all 
fluid-cracking catalysts (0.05 0.25 mm). 

The production of spherical gel-type catalyst 
of uniform size involves injection of droplets of a 
liquid into oil just after the addition of the pre- 
cipitation agent. Thus, silica gel spheres form 
from a mixture of nitric acid and an aqueous 
solution of sodium silicate. The beads descend in 
a column of oil and are removed at the bottom 
for aging and subsequent careful washing. 

Spherical catalysts can also be prepared on 
a tilted rotating pan into which the catalyst 
powder containing a binder is fed. The angle of 
the tilt and the speed of rotation regulate the size 
of the spheres formed. Other methods for form- 
ing spherical particles include tumbling short 
extruded cylinders in a rotating drum and also 
briquctting. In the latter technique, powder and 
binders are fed between two rotating rolls, the 
surfaces of which are provided with matching 
hoi lowed -out hemispheres. 

A common form of catalysts is the cylindrical 
pellet, produced either by extrusion or by tablet- 
ing. Extrusion produces low-density, high- 
porosity pellets containing superficial macro- 
pores. Extruded pellets down to 1 mm diameter 
are obtainable from pastes of fine powders or 
gels by using either ring-roll or auger-type ex- 
truders. In the ring-roll method, the mix is fed to 
a rotating cylinder drilled with numerous holes 
of a given size. Inside the cylinder one or more 
compression rolls press the mix through the 
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holes while on the outside of the cylinder a knife 
removes the extrudate. In the auger extruder a 
screw presses a perforated die through the mix 
and a rotating knife cuts off the extrudate to 
form pellets. 

Tableting produces strong pellets suitable for 
charging tall reactors requiring particles of high 
mechanical strength. To ensure uniform filling of 
the dies in the tableting machine, the feed must 
be a dry, fine material of good flow characteris- 
tics. Irregularly shaped particles, dusty powders, 
and crystalline materials are hard to tablet. To 
ensure good How, only solid lubricants are used 
in tableting. Tablet sizes below 3 mm arc noi 
practical because of high cost and difficulties 
connected with filling small dies uniformly. Tab- 
leted catalysts are unsuitable for reactions in 
which diffusion limitation affects selectivity be- 
cause the surface layers of the tablets are strongly 
compressed and almost exclusively contain mi- 
cropores. 



6. Characterization of Catalysts 

Catalysis research uses many physical and 
chemical methods to characterize catalysis and 
to search for correlations between the structure 
and performance of catalysts. These methods in- 
clude classical procedures [250], [251] as well as 
techniques developed more recently to study the 
chemistry and physics of surfaces [252]. 



6.1. Physical Properties [69] 

The specific surface area of a catalyst or sup- 
port (in m 2 /g) is determined by measuring the 
volume of gas, usually N,. needed to provide a 
monomolecular layer according to the Brun- 
auer Emmett- Teller (BET) method. The spe- 
cific surface area of active metals dispersed on a 
support is determined by chemisorpiion of H 2 , 
CO, NO, or N 2 C) at or above room temperature 
[208]. This method gives the number of exposed 
metal atoms per gram of catalyst and thus the 
degree of dispersion. Knowledge of the degree of 
dispersion permits comparison of catalytic activ- 
ity of different catalysts on the basis of rates per 
unit of metal surface area. To a limited extent the 
chemisorpiion technique is applicable to oxides. 

The specific pore volume, pore size, and pore 
size distribution of microporous materials (pore 



